Purpose The objective of this study was the elucidation of the possible role of the single-nucleotide polymorphisms (SNP) at position -29 and 2039 of the FSH receptor gene (FSHR) as independent predictive markers of ovarian response. Indeed, the tailoring of reproductive treatments is crucial for both maximizing the success of IVF patients and obtaining a reduction in hypo-or hyper-response rates. Methods This prospective, observational study analyzed the association of -29 and 2039 FSHR polymorphisms with the number of retrieved oocytes in 140 patients attending an IVF/ ICSI cycle for severe male factors (≤5,000,000 spermatozoa/ mL) or tubal factors at the ANDROS Day
Introduction
The number of oocytes retrieved remains the key prognostic factor for pregnancy and live birth rates in patients undergoing assisted reproduction technologies (ART), and increasing evidence shows that an optimal oocyte yield is the main goal after controlled ovarian hyperstimulation (COH) [1] .
For these reasons, the tailoring of reproductive treatments is crucial for maximizing the success of IVF and simultaneously obtaining a reduction in hypo-or hyper-response rates. The biomarkers most widely used in clinical practice for predicting normal, poor, and high responders are female age, anti-Müllerian hormone (AMH), antral follicle count (AFC), and basal FSH (evaluated at the third day of the cycle). AFC and AMH are recognized as the most predictive factors for the ovarian response to gonadotropins. Nevertheless, these biomarkers alone do not allow an optimal personalization of IVF therapies for every patient, as it has been demonstrated that some patients can have a hyper-response when stimulated with a very low quantity of drugs and a hypo-response in cases of stimulation with high dosages of gonadotropins. Furthermore, there is also evidence that the Bsensitivity^of follicles to exogenous FSH, measured through the Follicular Output RaTe (FORT), can vary among different patients with similar clinical characteristics; this seems in turn to be influenced by AMH levels with a negative correlation [2] .
It can, therefore, be argued that genetic factors may play an important role in ovarian response to gonadotropins. The majority of the studies focused on the single-nucleotide polymorphisms (SNPs) of the FSH receptor gene (FSHR) and specifically on two substitutions of exon 10. The first SNP (rs6165) determines the nucleotide change (at position 919) of guanine with adenine (c.919 G>A) and the consequent amino acid substitution of threonine with alanine, at codon position 307 (p.Thr307Ala). The second SNP (rs6166) determines the nucleotide change (at position 2039) of adenine with guanine (c.2039 A>G), leading to the amino acid substitution of asparagine with serine at position 680 (p.Asn680Ser) [3] . These polymorphisms are in linkage disequilibrium. More recently, another polymorphism in the promoter region of the FSHR, in position -29, has been identified (rs1394205) [4] . This polymorphism is characterized by the substitution of guanine with adenine (GGAA in GAAA), and it seems to reduce the expression of FSHR.
Different studies have analyzed the correlation between the FSHR polymorphisms, the ovarian reserve markers, and the outcome of the ovarian response to gonadotropins during IVF/ ICSI cycles. With regard to the association of the polymorphisms with ovarian reserve markers, the majority of the studies regard c.2039 A>G. In greater detail, the G/G (Ser/Ser) variant has been associated with higher levels of basal FSH in some studies [5] [6] [7] [8] [9] [10] [11] but not in others [12] [13] [14] [15] [16] [17] . Furthermore, in a review of 15 studies [18] , an association of the G/G variant with higher basal FSH levels was found in all of these studies except three of the studies included and quoted above [12] [13] [14] .
The disagreement among studies regarding basal FSH levels can also be observed when analyzing the association of c.2039 A>G with ovarian response to gonadotropins. In the majority of the studies, the presence of G/G was linked to a reduced sensitivity to exogenous FSH. This was demonstrated by a higher total dose of gonadotropins used during ovarian stimulation for IVF [5, 6, 9, 11] , a lower peak of estradiol levels on the day of hCG administration [6, 19] , a lower number of retrieved oocytes [11, 15] , and a higher incidence of the G/G variant in hypo-responder patients [20] . Furthermore, in a small study conducted with 37 patients, the A/A (Asn/Asn) variant was correlated to the severity of ovarian hyperstimulation syndrome (OHSS) [21] . In other studies, the association of the G/G variant with a poor ovarian response was not demonstrated, either for the number of oocytes retrieved [22] or for the FORT [23] . Even those patients who were homozygous for the G/G variant revealed a higher number of mature oocytes than the patients homozygous for the A/A variant [10] . Regarding the effect of the c.2039 A>G polymorphism on pregnancy, the conclusions of published studies [7, 13, 24] are highly conflicting. Indeed, in one study [7] , the G/G variant was associated with a lower clinical pregnancy rate, whereas in the paper by Klinkert et al. [13] , the A/A variant correlated to lower implantation and pregnancy rates than the G/G variant. In the most recent study [24] , the c.2039 A > G polymorphism was beneficial for pregnancy outcome only if combined with the luteinizing hormone/human chorionic gonadotropin receptor (LHCGR) variant Asn312Ser. Moreover, a recent meta-analysis failed to demonstrate a correlation between the G/G variant and the clinical pregnancy rate [25] . Although the effect of the G/G variant on a poor stimulation outcome was present in almost all the studies and confirmed by a meta-analysis [26] and by a recent review [27] , clear clinical conclusions regarding the role of the c.2039 A>G polymorphism as a predictive marker of ovarian stimulation have yet to be reached.
As regards the Bnew^FSHR polymorphism c.-29 G>A, few studies have been published [4, [28] [29] [30] [31] . Specifically, Wunsch et al. [4] have found no correlation of this polymorphism with ovarian reserve or ovarian response to stimulation. The same conclusion was reached very recently by Tohlob et al. [28] . On the other hand, and with reference to the paper by Achrekar et al. [29] , patients with the A/A variant required a higher total dose of gonadotropins in order to reach significantly lower levels of estradiol on the day of hCG administration with a lower number of retrieved oocytes. The preliminary results of this study were subsequently confirmed with a demonstrated reduction in FSHR gene expression in granulosa cells [30] . By considering the association of the c.2039 A>G and c.-29 G>A polymorphisms, it has been proven that 75% of the patients with the combination A/A-A/A were poor responders, with a significant decrease in this category of FSHR expression in granulosa cells [31] .
The objective of this prospective observational study was the analysis of the association between the FSHR polymorphisms c.2039 A>G and c.-29 G>A with the number of oocytes retrieved (primary outcome) in patients who underwent COH in IVF/ICSI cycles in order to elucidate their possible role as independent predictive markers of ovarian response.
Materials and methods

Study subjects
Analysis of the c.2039 A>G and c.-29 G>A polymorphisms in FSHR was performed on 168 patients attending an IVF/ICSI cycle for severe male factors (≤5,000,000 spermatozoa/mL) or tubal factors at the ANDROS Day Surgery Clinic, Palermo, Italy. The c.919 G>A polymorphism was analyzed in all the patients but, on account of it being in complete linkage disequilibrium with c.2039 A>G, it was not included in the final analyses. Patients affected by polycystic ovary syndrome, severe endometriosis (stages III-IVof the ASRM revised classification) [32] , or those who had previously undergone ovarian surgery or IVF/ICSI were excluded. On day 2 or 3 of the menstrual cycle, prior to commencing COH, venous blood samples for analyzing FSHR polymorphisms and for the AMH, FSH, TSH, and prolactin dosages were obtained from each patient. The AFC was performed on the same day using a Voluson® E8 BT12 (GE Healthcare, Italy), implemented with threedimensional ultrasound technology: Sonography-based Automatic Volume Calculation (SonoAVC). All the AFC determinations were performed by the same physician (AM), and all follicles measuring between 2 and 8 mm were included in the analysis.
The AMH dosage was effectuated using a Gen II ELISA (Beckman Coulter, Inc.) kit, an enzymatically amplified, two-site immunoassay by different laboratories. The lowest amount of AMH in a sample which could be detected with a 95 % probability was 0.08 ng/mL. COH was performed after pituitary down-regulation with a gonadotropin-releasing hormone agonist (GnRH-a, buserelin acetate; 0.1 mL twice per day) (Suprefact; Sanofi Aventis, Italy), beginning from day 21 of the previous cycle until the day of hCG administration. Multifollicular development was achieved by daily injections of recombinant human FSH (Gonal F; Merck Serono, Italy), commencing after at least 12 days of pituitary down-regulation. The choice of the stimulation protocol and starting dose of rhFSH was established independently by the presence of FSHR polymorphisms.
Treatment with a fixed dose of recombinant FSH, based on female age, basal FSH, AMH, and AFC, was initiated for 5 days and then adjusted, according to the response of the ovaries to stimulation. Oocyte maturation was triggered with an injection of 10,000 IU of human chorionic gonadotropin (hCG, Gonasi HP; IBSA, Switzerland) when at least two follicles reached 17 mm. The postponement of hCG trigger was not allowed in order to avoid the masking of the potential effect of FSHR polymorphisms on the ovarian response. Criteria for cycle cancellation before the day of hCG administration were either an inability to reach the hCG criterion (less than two growing follicles) or more than 20 follicles with a diameter of ≥10 mm. The oocyte pick-ups were performed 36 h after the triggering of oocyte maturation. IVF/ICSI were performed in accordance with the protocols described in Volpes et al. [33] . All embryo transfers were carried out using a Short Frydman set (Laboratoire CCD, Paris, France) between 48 and 120 h after oocyte pick-up. Micronized progesterone (Prometrium; Rottapharm S.p.A., Italy) was used for luteal support. Pregnancy was confirmed by determining serum β-hCG concentration 14 days after oocyte retrieval in all patients. When the pregnancy test resulted positive, a second test was performed 2 days later. Ultrasound evaluations were performed 28-32 days after oocyte pick-up, and only gestational sacs with a clear fetal heartbeat were diagnosed as clinical pregnancies.
This study was approved by the local Ethical Committee (the Ethical Committee of the ANDROS Day Surgery Clinic, Palermo, 04/MR/10).
DNA isolation and genotyping analysis
Six milliliters of whole blood was collected for each patient enrolled in the study, in two tubes with EDTA anticoagulant. Samples were stored at 4°C before DNA isolation. Genomic DNA was extracted from peripheral blood leukocytes with a GenElute™ Blood Genomic DNA Kit (Sigma-Aldrich, St. Louis, MO, USA), in accordance with the manufacturer's instructions. Genotyping analysis was performed using the Step-One Real-Time PCR (Applied Biosystems (ABI), Foster City, CA). Locus-specific PCR primers and allelespecific TaqMan probes (FSHR exon 10, rs6166, ID C_2676874_10; FSHR exon 10, rs6165, C_2676873_30; FSHR 5′UTR, rs1394205, ID C_426553_10) were supplied by Applied Biosystems. For each reaction, 10 μL of TaqMan Genotyping Master Mix (2×), 1 μL of SNP Genotyping Assay (20×), and 10 ng of genomic DNAwere used. All the reactions consisted of one cycle at 95°C for 10 min, 40 cycles at 95°C for 15 s, and 60°C for 1 min.
Statistical analysis
Values are presented as medians or means for continuous data and percentage (and frequencies) for categorical variables. Multivariate analyses, i.e., Student's t test, ANOVA, or Wilcoxon signed-rank test, were performed to test differences among polymorphisms on female age, BMI, basal FSH, basal 17β-estradiol, AMH, AFC, rhFSH starting dose, days of rhFSH administration, total rhFSH units, the number of follicles >16 mm on the hCG day, 17β-estradiol on the hCG day, and clinical pregnancy rate per embryo transfer. Pearson's χ 2 test was used to test significant associations among categorical variables.
Chi-squared analysis for genotype distribution confirmed that both the polymorphisms were in Hardy-Weinberg equilibrium (p = 0.23 and p = 0.60, for c.2039 A>G and c.-29 G>A, respectively).
Poisson regression analysis in generalized linear models (GLM) was used to evaluate the effect of polymorphisms on the primary outcome, the number of retrieved oocytes. The Poisson regression model is a form of regression analysis specifically used to count data (integer-valued), and it is commonly applied in studies which screen for prognostic factors and which have many covariates. Poisson regression provides an indicator variable (B), which is the expected difference in log count between each single group and the reference group. Due to the fact that a logarithmic scale is not easy to interpret, the regression coefficients have been exponentiated and presented as incident rate ratios (IRR). Poisson regression analyses were performed, with and without adjusting for confounders. The potential confounders included in the analyses were female age, BMI, basal FSH, basal 17β-estradiol, AMH, AFC, starting rhFSH dose, days of rhFSH administration, total rhFSH units, number of follicles >16 mm on the hCG day (PFC), 17β-estradiol on the hCG day, and FORT calculated as PFC (preovulatory follicle count) × 100/ AFC [2] .
For the purpose of this study, a sample size calculation was made to determine the number of subjects that needed to be enrolled. With a power of 80% and an α of 0.05, we determined that 140 subjects would be needed to at least replicate previous findings [31] .
A two-sided p value <0.05 was considered as statistically significant. Tests of model effects evaluated each of the model variables with appropriate degrees of freedom (df).
Given the low frequency of cases (≤5), A/A genotype for c.-29 G>A was excluded from the regression models and three out of the nine combinations of c.2039 A>G and c.-29 G>A (A/A-A/A, A/G-A/A, and G/G-A/A) were excluded both from multivariate analyses and the regression models.
Thus, the genotypes were included in the regression analysis as categorical variables with three levels (df = 2) for c.2039 A>G, two levels (df = 1) for c.-29 G>A, and six levels (df = 5) for the cross between the two genotypes. Analyses were processed with the statistical package PASW (SPSS Inc., Chicago, IL, version 18.0).
Nevertheless, in order to retain an important piece of information regarding the association of these genotypes with poor ovarian response, the total number of poor ovarian responders for each allelic variant and the odds ratio (OR) were calculated. The chi-squared test was used to study the significant association of the FSHR genotypes with poor ovarian response.
Results
Frequency distribution of FSHR polymorphisms in the study population and comparison with control group A total of 168 patients underwent the analysis of FSHR polymorphisms and started the IVF/ICSI cycle. Twenty-eight of the 168 patients (16.7%) stopped the treatment for hyperresponse (n = 11) or hypo-response (n = 17). Therefore, 140 patients underwent oocyte retrievals and 123 underwent embryo transfer procedures, which means that 73% of patients who started the cycle (88% of those who underwent oocyte retrieval) ended up with an embryo transfer procedure. The total number of clinical pregnancies was 35.
The suspended cycles were not distributed differently among the three c.2039 A>G, the three c.-29 G>A genotypes, and their allelic combinations (p value ranged from 0.06 to 0.59).
The genotypic frequency for the c.2039 A>G polymorphism in the sample being studied was 20% for the A/A genotype, 55% for the A/G genotype, and 25% for the G/G genotype. For the polymorphism at position c.-29 G>A, the frequency distribution was 62% for the GG genotype, 34% for the GA genotype, and 4% for the AA genotype. The frequency distribution of the FSHR polymorphisms in study subjects was compared with that in a control group of 87 subjects, which had been randomly selected from the general Caucasian female population (age ranged from 18 to 65 years), referred to the ANDROS Day Surgery Clinic, General Laboratory Unit, Palermo, Italy.
For the control group, the genotypic frequency for the polymorphism c.2039 A>G was 31% for the A/A genotype, 49% for the A/G genotype, and 20% for the G/G genotype. For the polymorphism at position c.-29 G>A, the frequency distribution was 57% for the G/G genotype, 37% for the G/A genotype, and 6% for the A/A genotype. The frequencies of the different genotypic variants in study and control populations are reported in Table 1 . The difference in frequency distributions between the control and study groups was not significant, either for c.2039 A>G (χ 2 = 3.17, df = 2, p = 0.21) or c.-29 G > A (χ 2 = 0.87, df = 2, p = 0.65). Although the study was conducted on a sufficient sample size as determined by the prior sample size analysis, the actual distribution of polymorphisms in the different groups was quite different from the expected one, producing a reduction in statistical power. As an alert regarding this point, we reported that 95% CIs better interpreted non-significant results.
Analysis of the association between the FSHR polymorphisms and the clinical variables
An analysis of differences of study variables among the three c.2039 A>G and the three c.-29 G>A genotypes is shown in Table 2 ; an analysis of differences of study variables among the retained combinations of the two polymorphisms is shown in Table 3 .
The results from the ANOVA revealed that basal 17β-estradiol for c.2039 A>G was significantly higher in A/A than in A/G (p < 0.05), whereas for c.-29 G>A, the A/A variant displayed a lower AFC than the wild type (p < 0.05); no other significant differences among the study variables were identified ( Table 2 ). In Table 3 Tables 2 and 3 ). In a 3 Retrieved oocytes are expressed in mean and standard deviation in brackets. 4 Pregnancies per embryo transfer are expressed in number and percentage similar way, no differences were found for the days of rhFSH administration (p value ranged from 0.13 to 0.84) nor for the total dose of rhFSH (p value ranged from 0.17 to 0.62) ( Tables 2 and 3 ). The percentage of patients for whom the dose of rhFSH was adjusted during ovarian stimulation was not significantly different between the three c.2039 A > G and the three -29 G>A genotypes as well as for their six allelic combinations.
Analysis of the association between the FSHR polymorphisms and the number of oocytes retrieved
Initially, we performed Poisson regression analysis without covariates to verify the predictive effect of the polymorphisms on the number of retrieved oocytes. Results showed that both c.2039 A>G (Wald χ 2 = 3.65, df = 2, p = 0.16) and c.-29 G>A (Wald χ 2 = 5.29, df = 2, p = 0.07) did not significantly predict the outcome, whereas the c.2039 A>G/c.-29 G>A cross was a significant predictor (Wald χ 2 = 12.66, df = 5, p = 0.03). Table 4 shows the effect (relative change) of each variant in outcome; the relative change is obtained by comparing the variants with the reference group (A/A-G/G, the double wild type). We found a single significant effect, i.e., an increase in 0.21 (p = 0.03, IRR 1.24) in A/G-G/G compared with A/A-G/ G; it can be stated that the incident rate for A/G-G/G is 1.24 times the incident rate for the reference group (Fig. 1) . The other variants showed a slight but non-significant decrease compared with the reference group. The mean number of retrieved oocytes was 9.30 (±4.6) for A/G-G/G and 7.50 (±3.2) for A/A-G/G; the median, quartiles, and minimum and maximum for each variant are shown in Fig. 2 .
Verifying the predictive effect of polymorphisms by taking into account the effect of covariates (confounding variables), the subsequent Poisson regression analysis confirmed that c.2039 A>G was not a statistically significant predictor of the number of retrieved oocytes (Wald χ 2 = 2.21, df = 2, 3 Retrieved oocytes are expressed in mean and standard deviation in brackets. 4 Pregnancies per embryo transfer are expressed in number and percentage 
B expected difference in log count, SE standard error, W-χ 2 Wald χ 2 test for hypothesis, df degrees of freedom, p level of significance, IRR incidence rate ratio, W-CI Wald confidence interval for IRR, A/A-G/G reference group p = 0.33). Specifically, the outcome was not significantly different either regarding the A/A or A/G variant compared with G/G (p = 0.44, IRR = 1.10 and p = 0.14, IRR = 1.16, respectively). Among the covariates, AFC was positively associated with the outcome (p = 0.04), whereas BMI and starting dose were negatively associated (p = 0.04).
Similarly, the Poisson regression analysis for c.-29 G>A demonstrated that this polymorphism was not a statistically significant predictor of the number of retrieved oocytes (Wald χ 2 = 2.29, df = 1, p = 0.13). The number of retrieved oocytes for the G/A variant was not different from the G/G variant (p = 0.08, IRR = 3.17). Among the confounding variables, AFC was positively associated with outcome (p = 0.03), whereas BMI and starting dose were negatively associated (p = 0.04). When considering the six variants obtained by crossing the two polymorphisms, we found that the model remained statistically significant (Wald χ 2 = 13.22, df = 5, p = 0.02). Compared with the reference group, the increase for A/G-G/G remained the only significant effect also after the inclusion of the covariates (p = 0.04, IRR = 1.18). In this case too, the covariates (BMI, AFC, and starting dose) influenced the outcome in the same aforementioned manner.
Finally, since the allelic combinations with small numbers were not considered for comparison during regression analysis, an additional analysis was carried out by calculating the total number of poor ovarian responders for each allelic variant and the relative OR. Twenty-nine (21%) out of the 140 study subjects had less than 5 retrieved oocytes and were classified as poor ovarian responders. Table 5 shows the distribution of poor versus normal responders segregated by genotype; it was observed that the number of poor ovarian responders ranged from 17 to 29% for c.2039 A>G and from 14 to 60% for c.-29 G>A. The chisquared test was employed to study the significant association of the FSHR genotypes with poor ovarian response. The poor response rate was lower in A/G for c.2039 A>G genotype (OR 0.44, 95% CI 0.21-0.95; p = 0.04) and in G/G for c.-29 G>A genotype (OR 0.34, 95% CI 0.15-0.78; p = 0.01). By considering the allelic combinations of the two polymorphisms, a lower poor response rate was confirmed for the A/G-G/G variant. The OR for the other genotypes and allelic combinations was not significant (Table 5) .
Discussion
This study analyzed the association of the FSHR c.2039 A>G and c.-29 G>A polymorphisms with the ovarian response to FSH stimulation during IVF/ICSI cycles in a Caucasian population. The main results of this paper demonstrate that the A/G-G/G genetic combination of the two polymorphisms is associated significantly with the highest number of collected oocytes, in comparison with the other genetic variants. This association was significant even after controlling for the effect of the other clinical confounding variables. Furthermore, the carriers of the A/G-G/G variant showed a lower poor response rate. The same finding (a lower poor response rate) was observed when also considering the variants A/G for c.2039 A>G and G/G for c.-29 G>A alone.
As far as we know, only three studies have analyzed the association of c.2039 A>G and c.-29 G>A [4, 28, 31] . In the study by Wunsch et al. [4] , the authors considered the peak estradiol levels as an outcome measure of ovarian response, and they did not identify any correlation with the single polymorphism and their combination. The second study [28] showed that patients carrying the diplotype with variant alleles for both the polymorphisms (G for c.2039 A>G and A for c.-29 G>A) were more likely to have a hyper-response to stimulation but, again, no correlation was observed with poor response. Considering the third study [30] , conducted on an Indian population, the authors found that A/A (Asn/Asn)-G/ G and A/G (Asn/Ser)-G/G were the genetic combinations associated with the highest number of collected oocytes. Specifically, the difference between these two categories was not significant (16.4 ± 1.5 vs. 15.1 ± 1.2). Similarly, A/A-G/G and A/G-G/G were associated in our study with the highest number of collected oocytes with no significant difference between them (7.5 ± 3.2 vs. 9.3 ± 4.6), although our best combination, A/G-G/G, differs from that of Desay et al. [31] , A/A-G/G. The congruence of the results, while not complete, leads OR odds ratio, CI confidence interval for OR the authors of this paper to emphasize the major role of the G/G variant of c.-29 G>A in determining a positive ovarian response. Moreover, A/G-G/G was associated with higher AFC, lower basal FSH, lower 17β-estradiol and lower FORT in comparison with other genetic variants, supporting its positive predictive factor for the success of ovarian stimulation. The positive association between A/G-G/G and basal FSH contradicts the published studies which considered the different allelic combinations of c.2039 A>G and c.-29 G>A [4, 28, 31] , where no correlation with basal FSH was found. The negative association with FORT could be explained by the selection of the antral follicles with the greatest developmental potential.
Our data concerning the c.2039 A>G polymorphism is in line with that described by Mohiyiddeen et al. [22] in which the association of the G/G variant with a poor outcome was not demonstrated. As previously described, there is marked disagreement in literature analyzing the association of c.2039 A>G with the ovarian response to gonadotropins. In the majority of the studies, the presence of the G/G variant is linked to a reduced sensitivity to exogenous FSH. This is demonstrated by a higher total dose of gonadotropins used during ovarian stimulation for IVF [5, 6, 9, 11] , a lower peak of estradiol levels on the day of hCG administration [6, 19] , a lower number of retrieved oocytes [11, 15] , and a higher incidence in hypo-responders [20] . Nevertheless, in one study, the patients who were homozygous for the G/G variant showed a higher number of mature oocytes than the patients homozygous for the A/A variant [10] .
The discrepancy among the different studies may be due to the different ethnicity of the populations considered and/or to the absence of a strict analysis of confusing clinical variables. Furthermore, the effect of c.-29 G>A polymorphism in almost all of these studies was not considered. On the basis of our results, also considering the fact that the G/G variant of c.-29 G>A was associated to a lower poor response rate with a strong significance (p = 0.01), this polymorphism is of a higher value than c.2039 A>G in predicting ovarian response.
In our study, no correlation between the two polymorphisms and basal FSH was found. This observation contradicts various studies conducted on c.2039 A>G [5] [6] [7] [8] [9] [10] [11] but is similar to others [12] [13] [14] [15] [16] [17] . In the studies focusing on c.-29 G>A polymorphism, no correlation was found with basal FSH [4, [28] [29] [30] ; this was in line with our observation.
In the present study, the A/A variant for c.-29 G>A was associated with a lower AFC than that for the wild type (p < 0.05); ours is the first demonstration of this correlation.
As a secondary result, we found that clinical variables (such as BMI, AFC, and starting rhFSH dose) had an influence on the number of oocytes retrieved. Specifically, AFC proved to be positively associated with the outcome, whereas BMI and starting dose were negatively associated.
A large body of evidence, summarized in a recent systematic review [34] , indicates that AFC and AMH may be considered the best markers of ovarian reserve; they play a similar role in predicting oocyte yield, both being associated with the cohort of primordial follicles. In our study, we found the association with the number of oocytes retrieved only for AFC and not for AMH. The reasons for this finding may be identified in the improved standardization of AFC performed in our clinic: SonoAVC was used, a tool which improves the reliability of results and reduces the variability intra-and interobserver, thereby providing a method of quality control [35] . Furthermore, in order to eliminate any inter-observer potential bias, the AFC determinations were carried out by the same physician. On the other hand, the reduced performance of AMH in predicting oocyte yield, compared with AFC, could be due to the fact that the determinations were not conducted by the same laboratory with a possible lack of standardization in the results regarding major technical limitations (abnormal batches of calibrators, storage of blood samples at room temperature, poor operator reproducibility). This represents a well-recognized problem, as recently indicated by Nelson [36] . The new, fully automated AMH assays, which allow for more efficient sample processing, should help to further reduce, in the near future, the high variability described above.
Regarding the effect of BMI on the number of retrieved oocytes, its negative association with oocyte retrieval has already been demonstrated in literature [37, 38] . Increasing the starting dose of gonadotropins is ineffective for preventing a negative ovarian response. This was proven by the negative association of the starting rhFSH dose with the number of oocytes collected, being the highest doses used in patients with a poor prognosis. Our data is consistent with those of two randomized trials [39, 40] .
The present trial has some limitations, basically linked to the low frequencies of some genetic variants. Indeed, as previously reported in the BResults^section, the lack of statistically significant differences in response rate between some groups may simply reflect an inadequate sample size needed to provide the necessary statistical power.
In this study, the long-standard GnRH agonist protocol was utilized. The decision for using this protocol was because different authors proposed the GnRH agonist long protocol as the most useful in expected normal responders [34, 36, 41, 42] , which represent the great majority of our sample. As regards the management of expected poor responders, there are very few in this paper, even though there is a trend toward the use of GnRH antagonists [34, 41, 42] ; the results of a recent paper [43] and those of two meta-analyses [44, 45] do not indicate the superiority of one protocol of pituitary suppression over another. Moreover, in clinical practice, despite the growing use of the GnRH antagonist, the long standard protocol is still applied in a very high percentage of cycles. Furthermore, we believe that studies which analyze polymorphisms could be carried out irrespective of the pituitary suppression protocol used.
In conclusion, this paper indicates that the patients with the A/G-G/G genetic variant retrieve a higher number of oocytes. If confirmed in a larger number of patients, this allelic variant, identified as an independent variable, could be considered as a new genetic biomarker, which could increase the efficiency of prediction models for ovarian stimulation. The authors of this paper contend that the analysis of the combination of c.2039 A>G and c.-29 G>A should be introduced into routine clinical practice, alongside the classic markers of ovarian reserve (female age, AFC, AMH, basal FSH); this would help in providing specific counseling and choosing the best stimulation protocol.
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